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analyses of multilevel data from quasi-experiments and field studies
in educational research and evaluation are presented. The paper

begins with a discussion of the general question of choice of unit of

analysis, or what may be the more appropriate question of choice of
analytical model. It then provides empirical illustrations of the

importance of knowing the question of interest. Two additional topics

are considered: the use of within-group slopes as indices in

between-group analyses, and the estimation of within-group dependency

and its role in analysis of multilevel data. These topics reflect

substantive concerns in school-based non-experimental investigatioms. .

It is proposed that, in addition to the studies of the variation in
analytical properties across approaches with hypothetical data,
alternative approaches should be applied to a wide variety and
sizeable number of actual data sets, each with a potentially
differing set of inadequacies. In this way, more could be learned
about both the methods and the influences of data limitations on
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This paper focuses on. three topics within thg domain of regression-

based analyses of multilevel data from quasi—experimeﬁts and field studies

in e&ucational }esearch and eval;ation. The paper begins with a d;§cussion
of the geﬁeigl question of choiée of unit of analysis or what may be the
more appropriate question of choice of analytica% mod8l. After discussing
this issue a;d providing empirical illustrations o} the importance of knowing
the question of interest, two additional topics will be considered: the use

’
of within-group slopes as indices in between-group analyses and the estimation

of YithiA-group dependency and ‘#ts role in analyses of multilevel data. These
latter topics reflect important substantive concerns in school-based non-
experimeﬁtal investigations. -

»'Overall, we believe that the major technical complicatio? in the analysis
of multi}evel data from quasi-experiments and fi;ld studi?s is the inability
of educational researchers to develop ?dequate’%heories abo;t educational
processes within groups (classrooms and.schools) and to develop adequate
methodology for analyzing the educational effects of such processes. The o
material presented here reflects an attempt to systematize the-investigation

4

of two important indices of wichin-group processgs.

Choice of Units of Analysis and/ér

Choice of Analytical Model

Efforts to identify the effects of education (e.g., Coleman, Campbell,
Hobson, McPartland, Mood, Weinfeid and York, 1966) on pupil performance ,
have suffered from the complications caused by the multilevel character of .

educational data. Schools are aggregates of their teachers, classrooms and,

pupils, and classrooms are aggregates of the persons and processes withiﬁ/,"_:

‘. . ; -
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them. This beilng Fhe case, the effects of education c;n exist both between
and within the units at e;ch level of thé’educational system: Yet the
majority of studies of educational effects have restricted attention to
either overall between—student,‘ggtween—class, or between-school analyses.
Cronbach (1976) argued that the majority of studies of educational

»

effects carried out thus far conceal more than they reveal, and that 'the

eétablished methods have genérated false conclusions in many studies” (p. 1).

His concern is foreshadowed in the educational literature by\the exchange

among Wiley, Bloom, and Glaser as recorded iﬁ Wittrock and Wiley (1970),

and by Haney's (1974) review of the.units of analysis problems encountered .
in- the evaluation of Project Follow Through.

Résearch on the differences between multiple‘régression models at "
different levels of aggregation (Burstein, 1975 , 1978; Hannan and Bursteig;
1974; Hannan and Young, 1976a; Feige and Watts, 1972)and on the analyses of
school effects at different levels (Burstein, Fischer, and Miller, 1978;

.Burstein and'Smifh, 1977; Comber and Keeves, 1973; Hannan, Freeman, and
Meyer; 1976; Keesling and hiley, i97&5 in&icates that (a) there are sub-
stantial differences in the mag;itudes éf régression coefficients across
levels for specific models; (b) different variables enter the models at
different levels; a;d (c) aggregation generally inflates the estimated
effects of pupil background and decreases the likelihood of‘identifying
teachex and classrgom characteristics that are effective. The results:Cited
above are not ve;y.comforting for the researcher who wishes to draw con-

Y .

' 2%
clusions "about educational processes at orie level but is comstrained to

analysis‘at J,different levei.

4
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" When faced with rhe analysis of multilevel data, most researchers have
Eried'to make a choise among alternative units of analysis on the basis of
theory or statistical considerations Unfortunately, those who resort to
theory either reject plausible alternative models (Brophy, 1975; Bloom, 1970;

Stebbins, St Pierre PrOper Anderson and Cerva, 1977; Wiley, 1970) or find
themselves unable to choose (Cline, Ames, Anderson, Bale, Ferb, Joshi, Kane,
, Larson, Park, Proper, §tebbins, Stern, 197&;’Haney, 1974). Picking the
appropriate unit on the‘basis of statistical considerations can alsc leave
the choice unresolved due to competing alternatives (Burstein and émith,
1977; Glendening, 1976; Haney, 1974). )

Haney (1974).has elaborated the range of alternative considerations in
rhe contextof the evaluation of Project Follow Through. He cites four gemeral
types: the purpose of the evaluation (questions, to be addressed), the evaluation
design (nature of téeatﬂents, independence of units and treatment effects,
appropriate size), statisticpl considerations (reliability of measures, deérees
of freedom, analysis techniques), and practical considererions (missing data,
policy research, muitiple year comparisons, economy). Haney was unable to
choose among untis because the purpose of the evaluation dictated the child .
as the unit but the nnit of treatment was the classroom; moreover, the multiyear
character of Follow:Ihrough made classrooms impractical as units of analysis.
And, since there was no random assignment at any level and the comparison
c i1dren~were not equivalent to. treatment children, these considerations
é:fered no relief.

Apparently, thinking of multilevel analyses simply as problems in the
choice of a unit of analysis is inadequate. Phenomena of importanee occur
at all levels and need to be described and subiected to inference-making.

(Burstein and Linn, i976; Crqnbach, 1976). Once again, Haney's arguments

are succinct and to the point:




Investigators ought to have a strong bias for studying

various properties of the educational system at the level

at which they occur; . . .variation in attributes of

interest ought to'be studied at those levels (or bétween -

those units) at which it does (or is expected to) occur. . .

If the hypotheses are explicitly staked in terms of

mathematical models,.the impact of shifting levgls)of

analysis from one unit of analysis to another will be-much

more easily assessed than if they are not (1974, pp. 96-97).
These argpments cited by Haney serve as justification for the research we

<
describe throughout this paper.

Decomposition #nto Between-Group and Within-Group Effects

A variety of competing points can be cited as traditional justification
for the choice of eifher pupils or groups (classrooms, schools, etc.) as
the appropriate unit of analysis in studies of educational effects. Gen-

erally arguments cited are compelling and virtually irreconcilable if a

-

choice of either pupil or group as the only unit is required. The multilevel

character of educational data warrants analytical strategies tailored cg the
identification of educational effects at and within each level og the edu-
'cational system. MQreover, the cbmplexity of the choice depends on the
Eype of study being conducted as well as the types of outcomes and processes
under investigation. ’ é ‘ -

Even in the simplest ‘'case, once the egistence of specific group
membership is‘acknowledged (e.g., instruction from a sPécific teacher),

any measure that varies over pupils can be decbmposed into its between-

group and within-group components. For example, if we consider the posttest
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or outcome performance, Yij’ of pupil j in class # G = l,.:.,

n bersons per c}ass; i=1,..., k classes; for simplicity‘we assume equal-
size classes) and the performance levél Xij’ of the pupil prior to entering
the class (i.e., the pretest or some measure of entering abi%ity), then

the relation—éﬁ xij to Yij can be decomposed into between-class and within-
class components (Burstein, Linn,(an& Capelly 1978; Crombach, 1976):

X, - X ) Predicted BeEween-Class

ij . b 1. .
+ Yi - Bb(f{i -X ) Adjusted Between-Class
‘+ Bw(xij - %) _ Pooled Within-Class Slope

+ (3¥ - Bw)(Xij_- X ) Specific Within-Clasg

+ eij R Specific Residual Associated

with Person ij

In the "above equation, Bb is the between-class slope from the

" on ii s Bw is the pboled within-class slope from the

. )
-

‘regression of ?i

regression of (Yij - ?i ) on (Xij - ii ) across all classrooms, and the

Bi are the gpecific within-class slopes from the regression of Yij on
xij within the 1 classrooms.

The possible substantive interpret?tions of specific components and

sets of components are important here. (See particularly descriptionms
of alternative analytical models and the section on slopes as indices).
The key elements are the between-class slope, the adjusted between-~class

éffect, the pooled within-class slope, and the specific within-class slopes.

Often, Equation (1) can be modified 'so that we have a global measure,
A

_T,, of classes (e.g., class meﬁbership, teacher quality, or treatment-group)

i
rather than the aggregation of individual scores represented by ii .
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In what follows we shall refer to the effects.agsociated with either

ii “or Ti as class effects without loss of generality.

One useful treatment of the multilevel)analysig was provided by

Crombach (1976). A succinct statement of Cronbach's jﬁstification for

his proposed analysis is that the usual overall between-student analysis

combines two kinds of relationships--those operating between collectives

-

(reflected in Bb and'adjusted class effects) and those operating among
persons within collectives (reflected in Qw and Bi)--into a composite that
ig rarely of substantive interest (Crombach, 1976, pp. 10.3ff.). Cronbach -

reminds us that Bt,‘the overall between-student coefficient from the re-
gression of Yij on xij’ 5 ‘y o

2 ¥t,-3 =8 (& )

13~ .. 13~ "L,

. has been shown by Dunéan, Cuzzort, and Duncan (1961, p. 66) to be a
composite of B and B :
(3 -nnsh+(1-nX . .

where nx is the intraclass correlatlon or correlation ratio of X Cronbach

.

(1976; Crombach and Webb, 1975) goes on to recommerd that between-group ) )
b
effects and individuals-within—group(;ffects should be examined separately. L.

In its most parsimonious form, Cronmpach would examine the fo}lowing:

(4) Between Groups: Yi. - Y.. =57tTf-Bb(Xi. - X..) N

where the b?T is the effect of teachers on mean outcomes after controlling

v

for between-class'differences in inputs.

(5) Pooled Within-Groups: Y, - Yi_ = B, (X - X))
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- Thus, Cronbach's primary concerns are wi&h the adjusted collective
effects of instruction as reflected by the adjusted class mean outcomes.
and with the overall redistributive properties of classroom instruction

- .as reflected by the pooled within-class regressionm, B,

*  Empirical Results from Multilevels of IEA Data ' ,

For khe time being, gf focdé on the two estimators of most interest
to Gronbach, between-group regression coefficients and the correséonding
ooled within-érqup coefficients. Recent empirical 4nalyses of data from
the IEA Six Subject Survey (Burstein, Fiscger, and Miller, 1978) dramatically
demonstrate the distinct differences in interpretation when one moves from.

a between-school to a within-school  analysis. This study investigated the

factors influenéing educational achievement in twenty-one countries, con= .

- -
'

sidering six’/subject areas (Science, Reading Comprehgasion, Literature,
. .’

- Civics Education, English as a Foreign Language, and French as a Foreign
Language) at three age levels (basically, 10 year-olds, 14 year-olds, and

students in their preteritary year). Ovexr 700 student, ‘teacher, and school

-
-

chara?;eristics were measured.
In an investigation of educational effects models for 14 year-olds from

the U:é. and Sweden in the IEA science achievement study (Table 1) %e

found that the effects of family background on science achievement were

substantia%, as usuil, in the between-schools analysis of U.S. data.but

-

much. smaller in Sweden. In fact, for 14 &ear-olds, RzTotal was larger than
: «

2 - \ :
RBetween-schools in Sweden, which.would be atypical for ?nalysis of U.S. data.
In contrast, the effects of family background in the pooled—within4' ;
school analyses for the U.S. were substantially smaller and were essen~’

tially the same as the effects found in the within-school analysis

v
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for Sweden. One possible substantive explanation for these findings is
oo’

that the two types of analyses reflect, on one hand, distinctions between

Y

the countries in the political order governing the distribution of pupil
backgrounds and school resources (i.e., the predominance of local control .
- and community determination of school resources in the U.S, vs. national

control and a policy of uniformity of resources for Sweden) and, on the
¢ “
other, similarity between countries in the operation of the social order

within schools (i.e., interpersonal allocations of rewards within an .
institution).
' There are further substantive quesions that the above example might
address, bet the methodological point is clear: different types of analysis
of multilevel data address different questions and typically research on

- -~ .

schooling asks questions at multiple levels. - . ‘

-

Within-Group Slopes as Indices . -
’ >

— in Between-Group Analyses

Once it is determined that the questions of interest and/or statistical

A
.

considerations warrant analyses of aggregated data, the types of

-

between-group effects one expects to find remain to be,specified. - In
- particular; when one's purpose is-to determipe fectots'affecttng pupil .

performance, it is possible that analyses of betheen-groﬁt iclass, school,

etc.) means'can hide important differences in the witﬁin—groﬁp d;étr%Pution

.
[y .

v of pupil outcomes and educational inputs.

~

Several aspects of current scho-ling practices lead us to expect

that within-school and within-class distributions of pupil performance \

‘ » N )
vary. First, schools (classes) do differ in the distribution of educational

14
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.performance. Moreover, schools with the same mean outcome often exhibit

,;different distributions of performance withinjachoéla An analysis of e

."means alone could not be expected to account for ‘such distrjbutional dif-
of

.fergnnes.
\'Vv % * *
¢Second a variety of educasional theories about|the effects of specific
‘C
' ¢ R

rw:

schqgtdng practices on withln—group behavior argue for an examination of

‘N
t ~

distributional propérties other than-group means. Obviously, at least the
o
variability of,performance is of idterest in studies comparing individuglized, <

competenjy-based, or open ‘educational instructional programs with more

- s

g?aditional instructional practices. Also, research on the interaction

'},?etween teaching style and learning style would lead one to expect vari-
A‘rab':'tlzi.ty\of outcomes for pupils with similar entering characteristics and
}\préterences taught by teacyers with differing instrqcu@onal styles.

Finally, the idea'of using distributional chéracteristica in additiod .

to the mean as criterion. measures has been shown previously to merit con- |

siderat{on (Lohnes, 1972; Klitgaard, 1975; prowh and Saks, 1875). Lohnes

- -

(1972) found that standard deviations and skewnegs indices added to the
- —~
-explanatory power of means in his - analyses of data from the Cooperative

“ -

Reading Project. _Klitgaard (1975) and Brown and Saks (1975) found’ that

school’ and school district standard deviations exhihited more significant .

relationi with school characteristics than did school and school district

. means. : . L0 \ ) -
J R . J - . Lo~ *
Though they sought answers to different, questions and uaed‘different
» -

* methodologies, Lohqes, Brown and,Saks, and Klitgaard apparently share our

' . . A .
belief that educational outcomes are multifaceted and incompletely measured

0

by single group averages.. . There: also seems to‘he consensus that educational

theory can be developed which will link pupi entering. characteristics and

-

. > B T ' -
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) A\ . 2 \
and chqracceristics of the educative process to distributional prop-. ,

erties of educational outcomes.

’ We (Burstein and Linn, 1976; Burstein, Linn and'Capell,, 1678) have

$

elaborated a theory for the use of within-group slopes of outcomes on inputs

as a criterton i educational effects studies. Wiley (1970) may have bee

&

&

M >

X

ey

"‘the first to suggest this strategy. ' H ~h & 5

Our justifivation for considering within-group slopes as outcomes

-

depives much of its impetus from research on aptitude-treatment interactions _

.(Snow, 1976) and from evidence of, slope differencgs among colleges (Rock,

.

Baird, and Linn,ol970)l In its simplest form, we expect that different

combinations of teachers and instructional pragtices will result in varying
distributions of educational outcomes for pupils with similar emtering
characteristics., For example, it miggt be hypothesized that }here are
teachers who are equally effective in obtaining mean performaqge,*bﬁf yield
varying slopes because some teachers use compensatory 1H;Efuct;9nal pgactices

/ .
which emphasize the improved performance of lower-aﬁility students while

» others allow each child te learn at ﬁis/her own rate. (We.would expect

a flatter slope in the formet case than in the latter.)

Burstein and Linn (1976; Burstein, Linn and Capell, 1978) compared
alternative énalyticaL‘models for identifying educational effects for

sets of hypothetical classrooms with heterogeneous slopes. The key .
findings were;i?at, for the conditions -studied, heterogeneChs within~-clags
slopes were shown to make important differences in idgntified effects, ones

' which were not swamﬁed by sampling variability in the estimation of slopes,

and certain anmalytical strategies exhibited good properties even in the

presence of heterogeneity. \ . : 7

o ' - .
- L4
’
hd .
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Although within-group slopes are conceptually appealing indices of

educaﬁionhl effects, three points warrant further examination. First,
- y
it must be determined that slopes are sufficiently stable, Second, it

§

must be demonstrated that slopes are potentially distinct from other,
-

group indices (e.g., pre and posttest means and standard deviations) in

¥

fealistic éiguations. Finally, there have to be realistic cases in

which slopes are rela%éd to school and class characteristics after

o s
controlling for other background measures and other indices of group

-

outcomes. We have already begﬁn to investigate these points (see below).

A
. *

Stability of §1Qpes

The sampling variability of within-group slopes is substantially
greater éhan that of theamean.* For small samples, e.g., the size of a
classroom, the sampling error of a slope is so large that it is question-
able whether real differences in slopes may reasonably be distinguished

from theé noise; moreover, any outlier can dominate the slope. If the

oo hl ’ S 5
real differences in slopes are as large as those generated in Burstein

and Linn (1976), then it is important to take them into account. Whether

¢

the differences in real classrooms are of similar magnitude is somewhat
9

problematic at this stage, however. ;~

,’i

Since students within a classroom are not a random sample,wﬁut
possibly arg‘better thought of as fixed once the classroom is chosen, it is
not clear how best to investigate the relative magnitude of signal and
noise in the differences amoﬂg within-classrqom slopeé. Linn and Burstein
f1977) found little support fo; the notion.that slopes varied systematically

when a posttest in reading was regressed on a pretest in readiné (Figure 1)

s

|
|

Xy
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and only limited support for the notion based on a similar set of

regressions for math using small samples of classrooms from the ETS BTES , i
study (McDonald and Elias, 1976). But these analyses were based on ]
' |

tradig;ééél confidence intervals which treated each class as if the students
- - ¢

in it were a random sample from a population. As already noted, the random

-

: y éampling model'is questionable in this situation. .

"

While random sampling of students may not provide the best model,
& . .

there is a need to allow for disturbarces in the observg& slope due to
£§iosyncratic occurrences at the time of measﬁrement. Just as~an -

individua1'§ obgerved score is distinguished from an underlying'tgue scsre

in classical test theory, there is a need to distinguish between the -

observed measure for the group (in this case ‘the slope) and an underlying \

"true" slope.

Several approaches can be used t; investigate the relative size of

signal and noise in the within-group slope estimates, Considence
idntervals can be gomputed for the within=gnoup glopeg for gelected sets . | -

as was done by Linn and Burstein (1977) for BTES data. The Jacknife

procedure (Mosteller, and Tukey, 1977) can also be used to estimate slopes

and confidence.

Relations of Slopes to Other Group-Level Indices

If slopes are to provide a useful addition’to the array of outcomes,
they must be distinct from other indices. Linn and Burstein (1977) have
investigated this property of slopes. For three separate data sets (BTES data

on classrooms collected-by ETS (McDonald and Elias, 1976); Michigan Assessment

Data on schools reported in Marco (1974); and IEA data on schools (See Table 2);

v

‘they found that though pretest and posttest means correlated with each other

. N
! v

¢
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in the range of .5-.8,

the correlation of within-group slope with either

¢ .
means or standard deviations(or, for that matter, with skewness and kur-

tosis indices and sample size) are much lower and, except for the pretest

standard deviations {which are spuriously related to slopes), are rarely

significant. ' \
., Jo e

The results cited sgggést that slopes are sufficiently distinct from

means and standard deviations to warrant further comnsideratiod.

Relation of Slopes to School and Class Characteristics

The final ldine in an investiéation of the poéential utility of

* within-group slopes involves their relationships to measures of school

and classroom processes. Preliminary results of an analysis of gcience
achievement datg on U.S. l4~year-olds in the IEA study (Burstein, 1978)
provided tan;alizing evidence of the possible pafoff from this activity.
Burstein found that the within-school slopes of science achievement on

a verbal ability measure:fassessed co;currently) were significantly and L
positively related to school mean rESponses of pupils on indices of ex-

posure to science instruction and of the degree to which bupils reported
instructional practices which emphasized exploration--discovery methods
of instruction. (See Table 3). These sighificant results occurred despite

controlS for pretest and posttest means and standard deviations and pupil

home background measures.

The results described above fit in well with recent research on
informal/dpen/individuallyzguiQed/unstructured'insiruction (see particularly
Rosenshine (1978) and Stebbins and others (1977)). Instruction which

emphasizes student self-direction (selection) of learning goals and methods

tends to exacerbate pre-existirg differences in pupil skills. Higher-ability

-




students tend to make more appropriate choices and achieve at a faster

- ..

<

rate than léwer-ability students.

" « The steeper within-group slopes'with greater opportunities for

exposure to instruction and with greater emphasis on individual exploration

cited above are consistent,with expectations from other research and suggest

the need for similar investigations with other data sets.

v
¢

Estimating Within-Group Dependency

in Multilevel Analysis
-

The Problem of Dependqncy among bbservations within Units
s

The problem-of-dependence among observations wirhin groups is endemic

to research on hierarchically nested school data, and can be especially

critical when intact classrooms are investigated. Cronbach and Webb

(Cronbach, 1976; Cronbach and wébb, 1975% Webb, 1977) have argued that
when intact groups are assigned to instructional treatments, the students

in those treatments dannot be conmsidered independent units and therefore,

y . the typical analy based on all individuals pooled across groups can be

* -justifiably criticized as inappropriate.

The crucial problem in ignoring group membership is that educational.
treatments are not administered independently to individuals (Wiley, 1970);
Individuals within the classroom have sﬁared experiences. This non-in-

- dependence of individuals withi; the group can be expressed by an intra-
‘class correlation structure. Tﬁe consequences of ignoring this intraglass
structure (i.e., treating individuals as.fndependent by ignbringvgroup

membérship) are serious (Walsh, 1947; Weibull, 1953).

.. -

*

- 14




Recent work by Glendening (1976) prévides a thorough discussion of
the problem in qhe(experimental design frame of reference. (The work of

Glass and Stanley (1970), and Peckham, Glass and Hopkins (1969) is also

summarized by Glendening 1976.) Glendening simulated the effects

of violating the assumption of independence within the context of a balanced

two-lqvel hierarchically-nested design, with subjects (S) nested within

\
classrooms (C) and classrooms nested within treatments (T). She oper-

ationally defined independence as that condition wherein the expected mean

square between classrooms, EMS(C:T), equals that within classrooms, EMS(S:CT).

She found that a model with the pupil as the unit or a conditional model where

preliminary test of independence is followed by a chqice of unit of analysis

- process results provided a key to understanding why some students learmed

general, group members who actively participated in discussions did better

for testing treatment effects, yielded spuriously small error terms and there-

fore, too liberal tests of treatment effects. Glendening concluded: that the

researcher must choose a priori between the class (dependence) or student
(Independence) as the unig, but ackﬂbwledged the complication§ of obtaining .
prior knoﬁledge about independence of response.

. While Glendening and Porter focused on the implications on intraclass
corre%ation for the analysis of experimental data, Webb.(1977) was con-
cerned with the antecedents of such intraclass relations in research on
group process. Webb compared learning in interacting groups and leafning
singly, attempting to explain differences as a function of the character-

istics of the individual, the group,.and the group process. The group

@

best in interacting groups, whereas o:hérg did bestilgarning singly. In
than those who did not actively participate, and did at least as well as

after individual learning. Whether a pupil actively participated was

15 . ’

18 .
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A
‘$elated to the pupil's ability ranking within the group and the range

and level of ability in the group. kndwing the abilities of the students
in a group, one could predict fairly well wh~ interacted with whom and,

consequently, who did best.

The results.of this highly structured study suggest that knowieﬁge

of group pré¢esses in a particular class 1s: ¢rucial for-understanding the

degree to‘which students are workinb together--and therefore crucial for
estimating degree of dependence in the class., Studying group process may
be the only way to get at this dependence. Unless students in a class
a;e receiving completely individualized instructiom, rarely will it be
tenable to base analyses on the assumption of an intraclass correlation

" of zero. Unless all students are receiving exactly the same instruction

~

and interact with fellow students in the same manner and amounts of time,

¢

an intraclass correlation of one is unreasomable. Examination of lower-level
processes will help locate the intraclass correlation on the continuum

between 0 and 1.

Webb suggests that the above procedures may be generalized to real
teacher-taught classrooms, considering interactions between teacher and

students, interactions among students and characteristics of students

.

(abilities, personality variables) and teachers. In the long runm, one

hopes to be able to predict student performance from a combination of

these variables.

A

Clearly, research on most educational phenomena will involve dependent
observations. Moreover, dependence cannot-be viewed as an-all-or none -
Phenomenon—-it is a matter of degree. It depends on what is being

measured (the outcome) and the "treatments" or "causes" under study.
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It is also a function of the compositjon of the units and the nature of

the.grouping mechanism as Webb (1977) has demonstrated. Therefore tests
for independence and adjustments for intraclass correlations are more
/Qppealing than automatic aggregation to the classroom level. .

Anaiytical methods are needed which will account for the degree of
L]

dependency and make adjustments,'where appropriate, to the estimated effects

s

. apd associated estimates of precision. Mo;eober, estimators of dependency

may be useful as indicators of classroom process. That is, it may be

possible to relate these estimated relationships to characteristics of

studdnts, teachers’, and instructional context.

Concluding Remarks

The topics discussed in this paper are a subset of a broader range of

.
-

: .- . ¥
" issues and problems which require more attention over the next few years.
b S, Co )
Table 4 list§\a variety of types of studies and types of outcomes for which
. A . -

multilevel anplysf?*issuesqﬁust be resolved. It is unclear what form the
. ‘v ,.,'.v,\: Lt N . .

‘final products of the inﬁéégégatiqq of the analysis of multilevel data will
take, but it is ‘possible to imagine the following scenario. As a preamble,
we point to a trend developing in educational evaluation for the conduct of

what Glass %(1976) 'has termed "meta-analyses" (see also Light and Smith, 1971).

-

Persons conducting metZ-analyses seek to accumulate knowledge about the

impact and characteristics of a particular educational innovation by ag-
- ’.s'

gregating findings across numerous investigations of the phenomena.

b#' ' ’ .
.There would seem to be a natural parallel to meta-analysis which is

relevant to the examination of altsrnative ﬁethodological approacheé for

A A .
the anal&sis of multilevel data. There dre two key obstacles to the

development of appropriate methodologies in this context. Fiist, the

3

. -
\
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available methodological approaches vary greatly in the degree to which

_ they are theory-based as opposed to ad hoc. Second, all currently avail-

able empirical data sets suffer from a variety of inadequacies which,

taken singly, limit their utility for comparing alternative methodological

-

approaches.

we believe that it is important to idgntify appfoaches whigh are

practically viable as well as theoretically sound aq& which are usable
with acgual as well as hypothetical data. Theiefore, we propose that in
addition to the studies of the variation in ana}ytical properties across
approaches with hypotheticai data, the alternative apptroaches should be
applied to a wide variety and sizeable number of actual data sets, each
with a potentially differing set of inadéqqacies. In tﬁis way we hope to
learn more about both the methods (e.g., which are moze generali} usable;
which behave_similarly for specific kinds~of data sets) and the iﬁfluenc;
of data limitations on methods (e.g., the.exclusion of what t&pes ;f in~

formation makes different approaches impractical or unattractive).

N ’
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— Table 1. Between-student, between—-school?® and pooled within-school regression analyses of factors
affecting science achievement (RSCI) for l4-year-olds from the IEA study in the United

states
/ : Metric Regression Coefficientg
Between School - - _Pooled Within-School Between Student
United United United .
Variable States Sweden - States Sweden States . Sweden
ng , -6.620 -3.362+ -3.853%* -5.281 -4.157 -5.165
. (3.90)b (1.68) (11.30) (14.18) < (11.87) (13.68)
Work Knowledge .876 . 569+ L .812 JA73° ..861 .754
’ - (6.47) . (3.24) (21.53) . (18.36) (23.22) . (18.02)
Father's Occupation .843 . 194+ .307% .297 .487 ' .256
(2.87) (.67) . (3.91) (3.64) (6.39) * (3.26)
Number of Books’in Home 3.577 1.217+ 1.223% 1.324 1.661 1.324
- (3.37) (.9?) (5.36) {5.04) - (7.20) (4.99)
N Grade . 1.390 4.186+ 2,291% 2,941% 1.912 3.083
_ (1.69) (2.49) (5.25) ©(7.25) (5.24) (7.65)
Science Study .110 -.149+ .065% —.122% .066 -.125
. (2.34) (2.32) . (3.90) . (5.70) (4.29) (6.16)
Exploratory Methods .240 .382+ .067% -.099% i .130 -.0b64
) (1.50) (1.10) (1.25) (1.31) (2.52) (.85)%..%
. B2 DR PR 31 31 34 39 TR
yeen,
S Number of 107 93 ) -
' Schools ° ~ .
Number of 1806 " 1675
Students
. 3The between-school analyses are run with each school weighted by the numbers of students. However, all t-
AR statistics were adjusted to Eiﬁlect the number of schools rather than the number of students.

b ©
¢-statistics are reported in parentheses. -

+ variable for which between country differences were significant at p<.05.

*Within-country variables for which the between school and with-school coefficients differ by
at least two standard errors. ‘ .

y ’ 24
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Correlations among descriptive statistics

from IEA

Table 2.
data for the United States (N = 107).
MATH

B ¥ - X Sy S, N Mean,
8 .10 .14 . 59% .13 .29% .85
Y | -.02 .88% .09 -.26 .27 177.74
3 .09 .93% -.12 - 34* .20 152.50
5, L48% -.21 .78% -.38% 18.31
S| --04 .02 .65% .31* 18.41

N | -.35% .19 -.19 -.05

Mean .90 173.20 156.27  34.03 31.78

SOURCE:

Burstein, 197§.




* Table 3. School~level regressions of, means, standard deviations, and slopes on background and school
characteristics for the United States Population II, IEA Study. . )
‘ o Dependent Variables /
Metric Coefficient ' **  Standardized Coefficient ~ )
. N 4
Independent . Science, Science a Science Science
Variable Mean SD Slope Mean SD Slope
Sex ~6.744b -2.443 -. 608 -~.390 ¢ =,220 -~.236
(-4.24) (2.26) (~2.43) . .
- —
Word Knowledge 1.056 .109 .058 . 640 T .126 .282
. (8.33) (1.27) (2.94) ,
Father's Occupation C 437 .306 ' .0l4 . 149 .153 .031
(1.50) (1.55) (.31) . ’
- N Number of Books in Home 4.513 1.574 = -.295 .436 .241 ~.020 *
\ (4.84) (2.49) (-.20) s
Science Study .074 .038 .021 " 169 T .128 .302
: (1.72) (1.29) (3.17)
I . . -
Exploratory Methods .317 .226 .072 .191 .200 . .270
(1.94) (2.04) (2.81) ' ' .
B> .76 .34 .27 e
P aSlope.s from within~school regressions of science score on word knowledge score
ﬂ{\; bt-statistics in parentheses" ] )
SOURCE: Burstein.and Miller, 1978 / A ‘ N
27 -
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Table 4. Classifications of types of studies and types of outcomes for

the investigation of educational effects. aﬂjgfﬁ’

1. .
I?PE OF STUDY - | PN

£

A. MANIPULATION . ) ) -

1. EXPERIMENTAL/TRUE -- "Units" assigned to alternative treatments
’ . or Treatment/Non-treatments; some form of

manipulation

‘a. Random Assignment of Pupils from Classrooms to Treatments =--
Pupils randomly assigned to treatment conditions; treatment
outside of normal class routine; treatment non-group woxrk

b. Random Assignment of Pupils from Classrooms to Groups --
Pupils randomly assigned to treatment groups; treatment

outside normal class routine

c. Random Assignment of Pupils to Classes -- Pupils randomly
assignéd to classes; classes randomly assigned to treatments

. d. Ran&om Assignment of Partial Classes to Treatments —- Portions
of class randomly assigned to different treatment conditioms.

Random Assignment of Intact Classes to Treatments —-— Students
assigned to classes on unknown non-random basis; intact classes

assigned to treatments

L 3

2. EXPERIMENTAL/ATI —- Conditions under I with additiomal question
of interaction with entering characteristics

3. EXPERIMENTAL/LONGITUDINAL #- Repeated measurement (mastery testing,
" sequential. analysis of behavior and interaction patterns, persis-
. tence) in context of empirical studies .

B. NON-MANIPULATION

, . 1. NON-EXPERIMENTAL/CROSS-SECTIONAL -—- Large-scale cross-sectional )
survey of pupils, teachers/classrooms, schools, etc. for purpose
of establishing educational school/teacher effects model.

2. NON-EXPERIMENTAL/LONGITUDINAL -~ Large-scale longitudinal survey
(e.g., income maintenance, voucher study, Follow Through Evaluation).

3. NON-EXPERIMENTAL/OUTLIER (RESIDUAL) ANALYSIS -- Develop indices
of effects of system over and beyond what can he anticipated by

entering characteristics
<

" ’ , ' 23
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Table 4 Continued

II. TYPE OF OUTCOME

4,

&

NON-EXPERIMENTAL/CONTEXTUAL (COMPOSITIONAL) EFFECT -- Examination
of whether the composition/frog-pond/normative climate of institution

hags an effect.

4

A. SHORT TERM -~ Duration of a lesson to, say, a year

B.

l.

2.

3.

4,

Specific Cognitive Objective -~ Single content domain/objective
in an instructional sequence

General Cognitive Objective -~ Standardized achievement test

or total score over multiple objectives CRM
—_— T T

Affective Objective — Attitude toward self and subject matter,
efficiency )

Group Behavior -- Peer socialization, group cohegiveness, group
interaction

LONG TERM —— Duration of multiple years, retrospective academic

antecedents

1. General Cognitive Outcome -- Standardized test or cumulative >
grades (e.g., SAT as outcome prediction of future grades from
earlier test scores)

2. Educational Attainment —— Level of education

3. Occupational Attainment -~ Level of occupation (social strati-
fication theory) -

. .
4, Career Plans/Career Satisfaction
5. Gemeral Mental Health .

™




) Research on Teaching, Michigan State University,
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Footnote

lAn earlier version of this paper was presented at the Institute for

East Lansing, Michigan,

December 10, 1977. This paper presents work partially supported by the

National Institute of Education eontract NIE G~78-0113 with the Center

for the Study of Evaluation, Univer81ty of California, Los Angeles, and

by a grant from the Spencer ?oundation to the Graduate School of Education,

University of California, Los Angeles. The contents of the paper in no

way reflect official opinions of the organizations mentioﬂed above and

they are not responsible for the interpretations made herein.
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